The aim of this study was to describe the epidemiology of chronic wounds in a large cohort of patients from a tertiary hospital out-patient clinic, and examine the significance of serum mannan-binding lectin for the occurrence and clinical presentation of such wounds. The study comprised 489 consecutive patients with chronic foot and leg ulcers. A clinical classification of woundaetiology was performed, and mannan-binding lectin was measured in the sera of patients and healthy controls. The patients presented with 639 wounds altogether; diabetic foot ulcers (309), venous leg ulcers (188), arterial ulcers (109), and vasculitis (33). The mannan-binding lectin levels of patients with venous leg ulcer, alone or in combi nation with other types of wounds, differed significantly from the control group, and the frequency of values < 100 ng/ml was significantly higher. In diabetic and arterial ulcer patients the frequency of values ≥ 3000 ng/ml was significantly higher than that of the control group. This suggests a role for the innate immunity in the pathology of venous leg ulcers, and indicates different roles for mannan-binding lectin in the development of ulcers with different aetiologies; it further suggests that mannan-binding lectin substitution should be tested in a controlled clinical trial. Key words: diabetic foot ulcer; venous leg ulcer; vasculitis; chronic wound; peripheral arterial disease; epidemiology; mannan-binding lectin.
Foot and leg ulcer is a common disorder, and approximately 1% of the European population suffers from such chronic and recurrent ulceration (1, 2). Clinically, chronic wounds may be caused by external pressure, trauma, venous insufficiency, neuropathy (diabetes), arterial (ischaemic) disease, or vasculitis. Wound infections also constitute a serious complication in chronic foot and leg ulcer. Frequent wound infections may reflect an insufficient immune competence of the patients, and thereby an impaired ability to eliminate the colonizing pathogens; or an inefficient systemic response to local infection or inflammation.
In persons with a normal immune defence, this will rapidly respond to pathogens threatening an exposed wound, especially the innate immune system. If the immune response fails to clear the invading pathogens, this can result in persistent tissue injury and chronic inflammation.
Mannan-binding lectin (MBL) is an important component of the humoral innate immune system, and MBL possesses several characteristics indicating that it may play an essential role in wound healing; i.e. modulating inflammation and contributing to the clearance of microorganisms and apoptotic cells (3, 4) . Deficiency in MBL might therefore contribute to prolonged healing.
MBL is a liver-derived serum protein, and an acute phase reactant which exhibits a 2-3-fold increase in response to infections (4). MBL binds to patterns of carbohydrate ligands exposed on the surfaces of a variety of patho genic micro-organisms; these are subsequently eliminated through opsonophagocytosis or complement-mediated killing (5). Furthermore, MBL has been shown to modulate the cytokine response to infections and inflammatory conditions (3). Structural and promoter variants of the MBL gene are common and influence functional activity and expression, which is reflected in the broad range of MBL concentrations. Persons carrying the MBL wild-type genotype show ranges from 1000 to 5000 ng/ml serum. Approximately 10-15% of Caucasians carry genotypes associated with concentrations below 100 ng/ml, these persons are defined as being MBL-deficient (6). Furthermore, persons with low MBL levels appear to be at risk of severe and recurrent infections; most prominently in childhood before maturation of the adaptive immune system, and under immune-compromised conditions (7). Comprehensive research has associated MBL deficiency with several clinical conditions, e.g. autoimmune diseases (7, 8) , septicaemia (9) , and endocarditis (10). The potential role of MBL in the pathogenesis of chronic wounds is underscored by the recent successful treatment of an MBL-deficient leg ulcer patient with MBL substitution therapy (11).
The aims of the present study were to describe the epidemiology of a large cohort of patients with chro- nic foot and leg ulcer of different aetiologies, and to examine the significance of serum MBL levels for the occurrence and clinical presentation of the ulcer.
Epidemiology of Chronic Wound Patients and Relation to Serum Levels of Mannan-binding Lectin

MATErIALS AND METHODS
Patient characteristics
Between February 2003 and November 2005 a cohort of 489 patients with chronic ulcers (169 women and 320 men, mean age 65.3 years, age range 30-92 years) were enrolled at Copenhagen Wound Healing Center, a tertiary hospital out-patient clinic. The patients presented a total of 639 foot and leg ulcers with varying aetiologies, and were classified into four mutually overlapping diagnostic wound-groups: diabetic foot ulcer, venous leg ulcer, vasculitis (immunological ulcers), and arterial (ischemic) leg ulcer. Some patients having multiple ulcers with different aetiologies, e.g. diabetic foot ulcer and venous leg ulcer, were recorded in more than one group. Patients with pressure ulcers were included if they also presented a wound belonging to one of the groups mentioned. Diabetic patients were analysed as one group; the majority of this group suffered from type 2 diabetes.
All patients in this study were defined as having prolonged wound healing, i.e. they had not responded to standard treatment regimens for their particular type of ulcer within 3 months. However, all patients were capable of unassisted walking and lived in their own homes.
Patients were not included if the impaired wound healing was due to malignancy, radiation damage, severe critical ischaemia, end-stage nephropathy with dialysis or renal transplantation, if they received long-term systemic steroids with dosage > 5 mg prednisolone per day, or had foreign body implants.
Wound diagnostic and standard treatment
Most ulcers have a mixed aetiological background. A venous ulcer often has a component of deteriorated peripheral circulation, and most neuropathic ulcers in diabetics also have an ischaemic element. However, all wounds were classified according to their main aetiology; and all chronic ulcers received the relevant standard examinations and treatments.
The appropriate treatment for diabetic foot ulcer was pressure relief, immobilization, debridement of devitalized tissue, and antibiotic therapy. Ulcers with an immunological background were registered as vasculitis. A standard treatment for all types of vasculitis has not been established. The patients in this study received different local and systemic treatments including short-term aggressive therapy with glucocorticoids and immuno-suppressive agents (12).
Evaluation of peripheral circulation was performed in all patients. Arterial perfusion was evaluated in both legs using ankle and toe systolic blood pressure measurement. Arterial disease was defined as an ankle/brachial index less than 90% and absent pedal pulse (13). The main treatment for peripheral arterial disease was vascular surgery or introducing an artificial graft for the by-pass or alternatively as percutaneous transluminal angiography to eliminate the arterial stenosis by dilatation.
Venous insufficiency was defined as retrograde flow more than 0.5 sec or thrombus in the deep vein system (14). Venous leg ulcers received compression therapy, 70% of leg ulcers have been reported to heal within 3 months by this therapy (1, 15, 16) .
Cases with wound infections were treated with antibiotics according to guidelines (17, 18) .
Healthy control group
The control group comprised 234 healthy adult persons (133 men and 103 women, mean age 40.9 years, age range 18-65 years).
MBL analysis
At the first visit to the wound centre a blood sample was taken from all patients, and serum drawn for analysis. MBL concentrations were measured by a sandwich enzyme-linked immuno assay (ELISA) performed essentially as described previously (19). Briefly, MBL was quantified by a semiautomated time-resolved immuno-fluorescence assay using the monoclonal antibody Hyb 131-01 (Statens Serum Institut, Denmark) as catcher, biotinylated Hyb 131-01 as detector, and streptavidin-Eu-chelate for quantification. The assay was run on an AutoDelfia platform (Perkin Elmer, Shelton, CT, USA). The lower and upper quantification levels of the assay were 10 ng/ml and 3000 ng/ml, respectively. Consequently lower and higher MBL levels are referred as < 10 ng/ml and > 3000 ng/ml. For statistical data evaluation results of ≤ 10 ng/ml and ≥ 3000 ng/ml were included as 10 ng/ml and 3000 ng/ml, respectively. 
Statistical analyses
rESULTS
The MBL serum levels of the enrolled 489 consecutive patients presenting a total of 639 wounds were analysed. The leg and foot ulcers were classified into four groups according to aetiology. Diabetic foot ulcers were most frequent, followed by venous leg ulcers, arterial ulcers, and vasculitis. In Table I the MBL values of all wounds, the four groups and the normal controls are presented as the respective quartiles. No significant difference is observed between the MBL levels of all patients and the control group, however, a marked inter-group variation appears. Interestingly, the median values of venous leg ulcer and vasculitis patients are below that of the healthy controls, whereas the median of diabetic ulcer and arterial ulcer patients is higher, reaching 3000 ng/ml. Levels ≥ 3000 ng/ml might either The upper quantification level of the MBL assay.
reflect an acute phase response from ongoing inflammations in the ulcer, or that the patients' basic levels are in the upper normal range. To further explore a possible association between wound aetiology and MBL levels, the vasculitis group, including 5 patients with vasculitis only, was omitted in the subsequent data evaluation. The remaining 484 patients comprising 606 ulcers were further classified either as representing wounds belonging or not to the three main aetiological groups, i.e. diabetic foot ulcer (D), arterial ulcer (A), and venous leg ulcer (V) or as presenting more than one type of ulcer as combinations of those three groups. A total of seven subgroups were established. In Table II , the distribution of MBL levels, divided into five concentration ranges, of these seven subgroups and the healthy control group is shown. It can be seen that patients with venous leg ulcer only, and venous leg ulcer in combination with either diabetic foot ulcer or arterial ulcer (subgroups V + D and V + A) express relatively low MBL levels. A test for trend shows that MBL levels of patients with venous ulcers alone or in combination with other wound types (total V) differ significant from the healthy controls, with p-values of 0.012 and 0.023, respectively. Furthermore, the frequency of MBL levels < 100 ng/ml (L) of venous leg ulcer alone, subgroup V + D, and total V is significantly higher than in the control group, with p-values of 0.003, 0.035, and 0.001, respectively. On the other hand when focusing on the upper area of the MBL range, approximately one-half of patients with diabetic foot ulcers alone, arterial leg ulcer alone, and patients presenting both types of wounds (subgroup D + A) have MBL values ≥ 3000 ng/ml. A test for trend shows that only one group, diabetic foot ulcer alone differed significant from the healthy controls, with a p-value of 0.050. However, when focusing on high vs. low range with regards to serum MBL, the frequency of MBL levels ≥ 3000 ng/ml (H) of diabetic foot ulcer, subgroup D + A, total D, and total A is significantly higher than that of the control group, all with a p-value of < 0.001. The subgroups with mainly low or high expressing MBL patients are complementary, except for the combination of arterial and venous leg ulcer. It appears that the underlying cause of venous leg ulcers -alone or in combination with the other types of ulcer -may be linked to MBL deficiency.
DISCUSSION
This is the first study in which serum MBL has been determined in a cohort of patients with chronic foot and leg ulcer, and the relationship between MBL levels and the occurrence and aetiologies of the wounds have been investigated. We focused specifically on a possible role of MBL deficiency on healing complications, based on the facts that MBL deficiency is the most common immune disorder, and that a common causality for prolonged healing of these ulcers is infection or colonization by bacteria. Several studies have revealed a range of bacteria as targets for MBL, which are commonly found in ulcers, e.g. Staphylococcus aureus, β-haemolytic group A Streptococcus, Pseudomonas aeruginosa, and Escherichia coli (21-23). Although no previous study has focused on MBL deficiency in relation to chronic wounds, a study comprising patients undergoing surgery for cancer of the gastrointestinal tract showed an association between postoperative infections and significantly reduced MBL levels (24).
Our first observation was that two of the four aetiological groups, venous leg ulcer and vasculitis, expressed markedly lower median MBL values than the others and the controls; although, when the entire cohort was compared with the healthy control group there was no significant difference. We then focused on the three main groups: diabetic foot ulcer, venous leg ulcer, and arterial ulcer, from which seven subgroups were combined; and their distribution of MBL levels into Whether MBL plays a direct role in prevention or reduction of the "bio-burden" of chronic wounds is unclear. Chronic wounds colonised with bacteria are often neither infected nor inflamed, and when infection does appear antibiotic treatment will be initiated immediatelyor may even have been given prophylactic. This indicates that MBL -shown to be associated with susceptibility and severity of infections -primarily functions upstreams to the manifestation of the chronic leg ulcer as different mechanisms appear to initiate and maintain the leg ulcer. In addition to combating pathogens, other functional roles of MBL, i.e. elimination of apoptotic cells or local activation of coagulation through the action of MBLassociated serine protease 1 might contribute to healing (4, 25). The potential role of MBL in the pathogenesis of chronic leg ulcer is, as mentioned, underscored by the successful treatment of an MBL-deficient patient with MBL therapy (11).
Like other immune components MBL may act as a double-edged sword; in some clinical contexts MBLdeficiency may be advantageous as protection against complement-mediated tissue injury. Studies of patients with type 1 diabetes have shown significantly elevated levels of MBL to be positively correlated with markers of renal complications and nephropathy (26, 27), possibly indicating that MBL may play a pathogenetic role or be a risk factor in type 1 diabetes. Diabetic foot ulcer is most frequently presented by type 2 diabetics, who also constitute the majority of patients in the present study. A follow-up study of Danish type 2 diabetics showed their risk of dying to be significantly correlated to high MBL, indicating an implication in diabetic vascular complication (28). Whether such MBL-associated vascular complications also contribute to the development of chronic foot ulcer in diabetic patients needs further investigation.
In conclusion, in a cohort of chronic foot and leg ulcer patients with different aetiological backgrounds, those with ulcers due to venous insufficiency, alone or in combination with other aetiologies, expressed significantly lower MBL concentrations than the healthy controls. The inverse pattern was seen in diabetic and arterial ulcer patients, who expressed significantly higher MBL levels. This indicates different roles for MBL in the development of ulcers in the different groups of patients; and the significant correlation of MBL deficiency to venous leg ulcer suggests that MBL substitution might be a relevant therapy for this group of patients.
